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LI 46972 S (CZ OR CZOCHRALSKI) 

L2 566231 S (SINGLE OR MONO) (8A) (CRYSTAL* OR BOULE# OR INGOT#) 

L3 24 S (N(W)REGION#) (8A) (ENTIRE(4A) PLANE) 

L4 191397 S (RADIAL (W) DIRECTION*) 

L5 112 S (14 (2W) PPMA) 

L6 1135308 S (MAGNET?) {8A) (FIELD* OR AREA* OR SURFACE*) 
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L7 127 LI AND L2 AND L4 AND L6 

=> s 13 and 17 

LB 9 L3 AND L7 

=> d 18 1-9 abs^bib 

LB ANSWER 1 OF 9 • USPATFULL oV STN 

AB The present invention is\a method for producing a single 



crystal in accordance with Czochralski method by 
flowing an inert gas downward in a chamber 1 of a single 
crystal-pulling apparatus \ll and surrounding a single 
crystal 3 pulled from a raW material melt 2 with a gas 
flow-guide cylinder 4, wherein when a single crystal 
within N region outside OSH region generated in a ring shape in the 
radial direction of the sirigle 
crystal is pulled, the singLe crystal within 

N region is pulled in a condition that flow amount of the inert gas 
between the single crystal And the gas flow-guide 

cylinder is 0.6 D(L/min) or Imore and pressure in the chamber is 0.6 

D(hPa) or less, in which D (Vnm) is a diameter of the single 

crystal to be pulled. It is i)referable that there is used the 

gas flow-guide cylinder that^Fe concentration is 0.05 ppm or less, at 

least, in a surface thereof. Vrhereby, there is provided a method for 

producing a single crystal, vAierein in the case that 

a single crystal is produced ty an apparatus having 

a gas flow-guide cylinder in Accordance with CZ method, the 

single crystal has low defect [density and Fe 

concentration can be suppressed to be 1+10. sup. 10 atoms/cm. sup . 3 
or less even in a peripheral oart thereof. 
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L8 ANSWER 2 OF 9 USPATFULL on 

AB An SOI wafer in which a bast wafer and a bond wafer respectively 

consisting of silicon single crystal are bonded via 

an oxide film, and then the pond wafer is thinned to form a silicon 
active layer, wherein the balse wafer is formed of silicon single 
crystal grown by Czochralskil method, and the whole 

surface of the base wafer isl within N region outside OSF region and 
doesn't include a defect region detected by Cu deposition method, or the 
whole surface of the base wafer is within a region outside OSF region, 
doesn't include a defect regiion detected by Cu deposition method, and 
includes I region containing nislocation cluster due to interstitial 
silicon. Thereby, there is provided an SOI wafer that retains high 
insulating properties and has Ian excellent electrical reliability in 
device fabrication even in the\^case of forming an extremely thin 
interlevel dielectric oxide fi|.m with, for example, a thickness of 100 
nm or less. 
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In a method for producing an SOl\ wafer comprising steps of implanting 



hydrogen ions etc. from a surfac^ 
ion-implanted layer 24 inside th€ 
surface of the bond wafer and a 
film 23 or directly, and forming 



of a bond wafer 21 to form an 
wafer, bonding the ion-implanted 
rface of a base wafer 22 via an oxide 
n SOI wafer by delaminating a part of 
the bond wafer at the ion-implant4d layer by heat treatment , wherein a 
silicon wafer consisting of silicqn single crystal 

is occupied by N region outside OSF 
o defect region detected by Cu 
ond wafer. Thereby, even in the case 



grown by Chochralski method, whic 
generated in a ring shape and has 
deposition method, is used as the 



of forming an extremely thin SOI Idyer 27 such that, for example, its 
thickness is 200 nm or less, there Us provided an SOI wafer which has an 
excellent electric property without\ causing micro pits by cleaning with 
hydrofluoric acid etc., and in addition, can be produced without 

increasing the number of process. 
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L8 ANSWER 4 OF 9 USPATFULL on STN 

AB A silicon single crystal wafer grown by the 

CZ method, which is doped with nitrogen and has an N- 
region for the entire plane and an 

interstitial oxygen concentration of 8 ppma or less, or which is doped 
with nitrogen and has an interstitial oxygen concentration of 8 ppma or 
less, and in which at least void type defects and dislocation clusters 
are eliminated from the entire plane, and a method for producing the 
same. Thus, there are provided a defect-free silicon single 
crystal wafer having an N-region for the 
entire plane, in which void type defects and 

dislocation clusters are eliminated, produced .by the CZ method 
under readily controllable stable production conditions with a wide 
controllable range, and a method producing the same. 
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L8 ANSWER 5 OF 9 USPATFULL on ST 

AB A silicon single crystal waf'^r for epitaxial growth 

grown by the CZ method, which is doped with nitrogen and has a 
V-rich region over its entire\ plane, or doped with nitrogen, has an OSF 
region in its plane, and showk an LEP density of 20/cm.sup.2 or less or 
an OSF density of 1+10 . sup. 4 /Am. sup. 2 or less in the OSF region, 
epitaxial wafer utilizing the \substrate, as well as methods for 
producing them and method for Wvaluating a substrate suitable for an 
epitaxial wafer. There are provided a substrate for an epitaxial wafer 
that suppresses crystal defects^ to be generated in an epitaxial layer 



CAS 

AN 

TI 



IN 



PA 
PI 

AI 



when epitaxial growth is berformed on a CZ silicon 
single crystal wafer dopeo with nitrogen and also has 
superior IG ability, epitaxial wafer utilizing the substrate, as well as 
methods for producing them and method for evaluating a substrate 
suitable for an epitaxial Wafer, 

PATENT. 



INDEXING IS AVAILABLE FOR THI 
2003:102116 USPATFULL 
Silicon single crystal waf 
epitaxial wafer, and metho 
same 

Kimura, Akihiro, Gunma, JAPJ^N 
lida, Makoto, Gunma, JAPAN 
Hayamizu, Yoshinori, Gunma, \JAPAN 
Aihara, Ken, Gunma, JAPAN 
Kimura, Masanori, Gunma, JAPAn 
Shin-Etsu Handotai Co., Ltd.,) Tokyo, 
US 6548035 Bl 2003q415 

WO 2001027362 20010419 



for epitaxial wafer, 

for producing the same and evaluating the 



JAPAN (non-U. S. corporation) 



US 2001-868058 20010fel4 (9) 

WO 2000-JP6965 200011) 
PRAI JP 1999-294523 19991015 
DT Utility 
FS GRANTED 

EXNAM Primary Examiner: Hiteshew, FelLisa 
LREP Oliff & Berridge, PLC 
CLMN Number of Claims: 29 
ECL Exemplary Claim: 1 
DRWN 9 Drawing Figure (s); 8 Drawing tage(s) 
LN.CNT 925 

CAS INDEXING IS AVAILABLE FOR THIS PAT£ 



L8 ANSWER 6 OF 9 USPATFULL on SI 

AB A silicon wafer obtained by felicing a silicon single 
crystal ingot grown by the CAochralski 

method with or without nitrogten doping, wherein the silicon wafer has an 
NV-region, an NV-region containing an OSF ring region or an OSF ring 
region for its entire plane ai\d has an interstitial oxygen concentration 

5d for producing it, as well as a method 
)f a silicon wafer. Thus, there are 
:ably provides oxygen precipitation 
il or device production process, and a 
defect regions of a silicon wafer of 



of 14 ppma or less, and a metl 
for evaluating defect regions 
provided a silicon wafer that 
regardless of position in cryst 
method for producing it. FurtheV 



which pulling conditions are unknown and thus of which defect regions 
are also unknown can be evaluated. 
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L8 ANSWER 7 OF 9 USPATFULL onlSTN 

AB A method for producing a silicon single crystal, 

wherein, when a silicon silngle crystal is grown by 



the Czochralski method, th 
such conditions as present 
V-rich region and an N-reg 
I-rich region in a defect 



crystal is pulled with 
in a region defined by a boundary between a 
on and a boundary between an N-region and an 
diistribution chart showing defect distribution 
which is plotted with D [mii] as abscissa and F/G [mm. sup. 2/° 
C. .multidot .min] as ordinate, wherein D represents a distance between 
center of the crystal and Periphery of the crystal, F/G [mm/min] 
represents a pulling rate and G [° C./mm] represents an average 
temperature gradient along Vthe crystal pulling axis direction in the 
temperature range of from the melting point of silicon to 1400^ 
C, and time required for crystal temperature to pass through the 
temperature region of from 9iOO° C. to 600° C. is 
controlled to be 700 minutesl or shorter, and a silicon single 
crystal wafer grown by the Ciochralski method, which 
is a silicon single crystal wafer having N 
-region for its entire plane,! and does not 

generate OSFs by a single-step thermal oxidation treatment, but 
generates OSFs by a two-step Ihermal oxidation treatment. According to 
the method, a silicon single crystal wafer of an 
extremely low defect density, Iwhichhas the N-region 
for the entire plane of the crjystal, is obtained by 
the CZ, while maintaining high] productivity . 
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AB There is disclosed a method for producing a silicon single 

crystal by growing the silicon single crystal 
by the Czochralski method, characterized in that the crystal 
is pulled at a pulling rate [mm/min] within a range of from VI to 
V1+0.062+G while the crystal is doped with nitrogen during the 
growing, where G [K/mm] represents\ an average temperature gradient along 
the crystal growing direction, whifch is for a temperature range of from 
the melting point of silicon to 14^0° C, and provided in an 
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apparatus used for the crystal growing, and VI [nun/min] represents a 
pulling rate at which an OSH ring disappears at the center of the 
crystal when the crystal is pulled by gradually decreasing the pulling 
rate. The method of the present invention can produce silicon 
single crystal wafers exhibiting an extremely low 

defect density over the entirte plane of the crystal, in particular, with 
no small pits, and having an excellent oxide dielectric breakdown 

voltage, based on the CZ method under widely and easily 
controllable production condipions at a high production rate and high 
productivity. 
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In a method for producing an SO] 
ions from a bond wafer surface t 
wafer, bonding the ion-implantec 
base wafer via an oxide film or 
delaminating by heat treatment a 



wafer comprising steps of implanting 

form an ion-implanted layer inside the 
bond wafer surface and a surface of a 
directly, and forming an SOI wafer by 
part of the bond wafer at the 
ion-implanted layer, the bond wafer is a silicon wafer that consists of 
a silicon single crystal grown by 

Czochralski method, that is occupied by N- region outside OSF 
generated in a ring shape and th^t has no defect region detected by Cu 

an extremely thin SOI layer having a 
rovide an SOI wafer that has an 
excellent electric property withoVat micro pits caused by acid cleaning, 
and can be produced without increasing the number of processes. 
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CRYSTAL WAFER 


IIDA, MAKOTO 


09318055 


6077343 


150 


05/25/1999 


SILICON SINGLE CRYSTAL 
WAFER HAVING FEW 
DEFECTS WHEREIN NITROGEN 
IS DOPED AND A METHOD FOR 
PRODUCING IT 


IIDA, MAKOTO 


09329615 


6197109 


150 


06/10/1999 


METHOD FOR PRODUCING 

LOW DEFECT SILICON SINGLE 
CRYSTAL DOPED WITH 
NITROGEN 


IIDA, MAKOTO 


09359078 


6159438 


150 


07/22/1999 


METHOD AND APPARATUS 
FOR MANUFACTURING A 


IIDA, MAKOTO 
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SILICON SINGLE CRYSTAL 
HAVING FEW CRYSTAL 
DEFECTS, AND A SILICON 
SINGLE CRYSTAL AND 
SILICON WAFERS 
MANUFACTURED BY THE 
SAME 




09454841 


6120599 


150 


12/06/1999 


SILICON SINGLE CRYSTAL 
WAFER HAVING FEW 
CRYSTAL DEFECTS, AND 
METHOD FOR PRODUCING 

THE SAME 


IIDA, MAKOTO 


09459849 


6120598 


150 


12/13/1999 


METHOD FOR PRODUCING A 
SILICON SINGLE CRYSTAL 
HAVING FEW CRYSTAL 
DEFECTS, AND A SILICON 
SINGLE CRYSTAL AND 
SILICON WAFERS PRODUCED 
BY THF METHOD 


IIDA, MAKOTO 


09492001 


6348180 


150 


01/26/2000 


SILICON SINGLE CRYSTAL 
WAFER HAVING FEW 
CRYSTAL DEFECTS 


IIDA, MAKOTO 


09572788 


6780067 


150 


05/17/2000 


COMBINED 1 
MOLDED PR 
PRE-MOLDE 


IsfTEGRAL 
3DUCT USING 
D MEMBER 


IIDA, MAKOTO 


vyj /7252 


6261361 


150 


05/19/2000 


Silicon single crystal wafer having 
few defects wherein nitrogen is 
doped and a method for producing 
it 


IIDA, MAKOTO 


09600033 


6334896 


150 


07/1 1/2000 


SINGLE-CRYSTAL SILICON 
WAFER HAVING FEW 
CRYSTAL DEFECTS AND 
METHOD FOR 

MANUFACTURING THE SAME 


IIDA, MAKOTO 


09661985 


6364947 


150 


09/14/2000 


Method and apparatus for 
manufacturing a silicon single 
crystal Having few crystal defects, 
and a silicon single crystal and 
silicon wafers manufactured by the 
same 


IIDA, MAKOTO 


09828206 


6401643 


250 


04/09/2001 


SEWN COVEI 
PRODUCT FO 
THEREWITH 


I ASSEMBLY AND 
AMED 


IIDA, MAKOTO 


09830386 


6544332 


150 


04/26/2001 


METHOD FOR 
MANUFACTURING SILICON 
SINGLE CRYSTAL, SILICON 
SINGLE CRYSTAL 


IIDA, MAKOTO 
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MANUFACTURED BY THE 
METHOD, AND SILICON 
WAFER 




09868058 


6548035 


150 


06/14/2001 


SILICON SINGLE CRYSTAL 
WAFER FOR EPITAXIAL 
WAFER, EPITAXIAL WAFER, 
AND METHODS FOR 
PRODUCING THE SAME AND 
EVALUATING THE SAME 


IIDA, MAKOTO 


ovooyyiz 


6843847 


150 


r\ « 1 r\ f\ ir\ r\r\ ■% 

07/09/2001 


SILICON SINGLE CRYSTAL 
WAFER, METHOD FOR 
PRODUCING THE SAME AND 
SOI WAFER 


IIDA, MAKOTO 


09869932 


6544490 


150 


07/09/2001 


SILICON WAFER AND 
PRODUCTION METHOD 
THEREOF AND EVALUATION 
METHOD FOR SILICON WAFER 


IIDA, MAKOTO 


09884784 


Not 
Issued 


161 


06/19/2001 


Hybrid housing ot metal board and 
synthetic resin | 


IIDA, MAKOTO 


09936920 


6599360 


150 


09/20/2001 


SILICON WAFER, METHOD 
FOR DETERMINING 
PRODUCTION CONDITIONS OF 
SILICON SINGLE CRYSTAL 
AND METHOD FOR 
PRODUCING STl ICON WAFFR 


IIDA, MAKOTO 


10009910 


Not 
Issued 


124 


12/12/2001 


Silicon wafer, silicon epitaxial 
wafer, anneal wafer and method for 
producing them 


IIDA, MAKOTO 


10130431 


6841450 


150 


05/17/2002 


ANNEALED WAFER 
MANUFACTURING METHOD 
AND ANNEALED WAFER 


IIDA, MAKOTO 
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